Aromatic polyimides are considered to be a class of high performance polymers, and they have found a wide range of applications in electronics, aerospace and other industries. They were developed in the 1960s owing to intensive research on heat-resistant polymer. Polyimides in various forms (film, composite matrix, adhesive, plate, etc) were developed now. However, the particle of polyimides were studied only a little until the latter half of the 1990's [1]. Even if polyimides are processed to the particle shape, the particles can be expected to show excellent features. Then, we zealously examined the preparative procedure of polyimide particles, and established the following two methods. (1) Several kinds of polyamic acid particles were prepared using diamines and anhydrous tetracarboxylic acids through precipitation polymerization in organic solvent under ultrasonic irradiation. These polyamic acid particles were heated by about 140-200 °C, and the polyimide particles were obtained. The polyimide particles of an arbitrary size were able to be prepared by this method within the range of submicron order. Moreover, it was also possible to support functional groups to surfaces of the polyimide particles [2] . (2) Polyimide particles of micron order were obtained by heating polyamic acid varnish at about 140-200 °C that induced the thermal imidization of polyamic acids in aproticpolarsolvent. Similarly, it was also possible to support functional groups to surfaces of the polyimide particles by this method [3] .
Introduction
Fine particles of polyimides are easily prepared, and they possess higher reliability as compared with commodity plastic fine particles.
Reserchers have studied aggressively these fields of polyimide particles since much attention has been paid on microelectronic devices, heat resistan coating films, chromatographic column packings and polymer fillers in the latter half of the 1990's [1] . Besides, recently polyimide particles that have the functional group of amino group, hydroxyl group, carboxyl group and etc. are prepared [1] . And, they are expected very much as one of the next generation industrial materials. We are studying the applied technologies to the electrodeposition paint, the chromatograph filler, the catalyst support and the powder burning material, etc. by developing a lot of polyimide particles, and using those polyimide particles actually [1,[4] .
In this report of research, monodispersed spheroidal polyimide particles were prepared by two methods. One is preparative procedures of the polyimide particles of the submicrometer-size, and another one is a suitable methods for the preparation of the polyimide particles of the micrometer-size. In this text, the preparation example in each method, the morphology of particles, and the characteristic were described.
2.Experimental

Preparative method of submicrometer size polyimide particles
The example of control techniques of the particle-size of the polyimide particle is described in this paragraph. The chemical reaction is shown Fig.1. [1] The polyamic acid particles were prepared by mixing 4,4'-diaminodiphenyl ether (DPE) solution (0.002mol/50ml) and 3,3´,4,4´-benzophenonetetracarboxylic acid dianhydride (BTDA) solution (0.002mol/50ml) and irradiating supersonic wave (38KHz) for ten minutes. The particles were repeatedly washed with the reaction solvent and then, dried at the room temperature under the vacuum of 1day. In the actual experiment, acetone, methyl ethyl ketone (MEK), acetophenone, ethyl acetate and methyl acetate were used as a solvent.
Preparation of polyimide particles
The polyimide particle was obtained heating the dispersion after the polyamic acid particle had been dispersed in the xylene. The particles were repeatedly washed with acetone and then, dried at the room temperature under the vacuum of 1day.
Preparative method of micrometer size polyimide particles
The example of preparing the particle that has the amino group in the polyimide molecule is described. [4] 2.2.1. Preparation of polyamic acid varnish
To prepare polyamic acid varnish as the precursor of polyimide particle, 3,3'-[sulfonylbis(p-phenyleneoxy)]dianiline (0.05mol), 1,4-bis(4-aminophenoxy)benzene (0.03mol) and 2,4,6-triaminopyrimidine (0.02mol) were dissolved in N,N-dimethylformamide (500mL) at room temperature and gradually added with 3,3',4,4'-benzophenonetetracarboxylic dianhydride (0.10mol). The mixture was stirred at room temperature for 1day under nitrogen to obtain homogeneous polyamic acid solution.
Preparation of polyimide particle
Toluene (100mL) was added to polyamic a cid solution (500mL), and the solution was stirred for 4 hours at 145-150 °C under nitrogen. Polyimide particles were gradually precipitated by heating the solution because the generated polyimide was insoluble in solvent. The particles were repeatedly washed with N,N-dimethylformamide and acetone and then, dried at the room temperature under the vacuum of 1day (particle size: about 3.0 µm, Fig.2) Reactivity assessment of amino group of polyimide particle was conducted as follows. The amino group of the polyimide particle was evaluated by processing the polyimide particle with n-decanoic acid chloride and (Fig.1) respectively, and preparation conditions other than the solvent used for the amidation reaction are the same. Table 1 shows the me an particle size and the coefficient of variation of each particle measured from SEM images. It is understood that all particles are monodispersities from Fig.3 and Table 1 . And then, it is understood that the particle size grows as the polarity of the solvent used for the amidation reaction grows. Moreover, in this method, the imidization reaction progressed by the solid phase reaction, and the polyimide particles in which the size, the particle size distribution and the morphology of the polyamic acid particles were maintained were obtained. In addition the glass transition temperature and the pyrolysis temperature of these polyimide particles were about 250°C and about 550°C respectively. Fig.4 shows SEM images of polyimide particles. It is understood that the mean particle size is a monodispersity by about three microns though this particle coalesces slightly. And, the surface of the particle showed a pleated morphology with the feature.
Micrometer size polyimide particles
The reason why the particle of the monodispersity is obtained by this method is described as follows. The copolymer a soluble polyimide and an insoluble polyimide are found forming monodisperse spherical polyimide particles by heating imidization. (Fig.2) In the process of polyimide particles formation, because the soluble polyimide molecular chains formed the stability layer on particle surface, it is thought that the dispersion effect is caused. Fig.5 indicates FT-IR-spectrums of the polyimide particle with n-decanoic acid chloride. And the reactive conceptual scheme is also shown. The methylene linkage of the n-decanoic acid that had reacted to the vicinity of 2700-3000 cm -1 with the amino group appear [4] . This result shows that the composite particle has the high reactivity. In addition the glass transition temperature and the pyrolysis temperature of these polyimide particles were 246°C and 541°C respectively.
Conclusion
Based on the obtained results, the follings were revealed:
(1) Polyamic acid particles were prepared using diamines and anhydrous tetracarboxylic acids through precipitation polymerization in organic solvent under ultrasonic irradiation.
Polyamic acid particles were heated by about 140-200 °C, and the polyimide particles were obtained. The polyimide particles of an arbitrary size were able to be prepared by this method within the range of submicron order.
(2) Polyimide particles of micron order were obtained by heating polyamic acid varnish at about 140-200 °C that induced the thermal imidization of polyamic acids in aproticpolarsolvent., It was also possible to support amino group to surfaces of the polyimide particles. The amino of the polyimide particles showed the high reactivity.
